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(57) [SffH «8iEW) 

<DTB<DtB*trsjT* 2 oflE>ja«K:}a->riiBHI**WT:- 

JiffilfitMI 4 0Kto«)CC-^- 1 \<D 

±H©ti»«ir * 2 o oNttuc iS •» r Rfl«3 £ * w r - *t 
botc-^-sx^^($ i io±aBotBMA-r^2^a>a 




10 f7^Bt-;X^ 
12 

14 ±®Jft»B 

17 *>r>£* 

17a Ni *>o*JS 

)7b SnXliSn/Pbtf^Stt 



1 

2)<t, 

«S(i2,i2>nk:THIWIiCi3)*WW%n/cM*a 1 io 
[ 3 ] 6 ffiftfr 6 & * * ? 5 X 

(U)£, 

Cc»oriBW*ftWTR^6n/t-»(Oi»T-flS«(i2 ,1 
2)<b, 

ABB*- Cil3<O±B0)a*f ffil-r * 2 0©«Mt 

2 f 32)£*«*fc*v^3Slh-S**. 

5 X ^*(*Cn)<D±ffl<0^lJO--*t©«8iF-«ffiC42 ,42)13 

^±.mmm (44)*ssa: w 6 n/cii^ 3 * 

®g C16 , 36 , 46) £ . C <DTW%m (16 , 36 , 46)<DgffiCC * 
JfcSftfcN i &o£Ji(17a,37a,47a)<!:. CON t 
SJ§(17a f 37a.47a)<23*BK#/iX3ta/cS nXIJS n/ 
PbAo *® (17b,37b f 47b)i =HB*.fci8#S 1 L 

4 ^rtuMett®* 7 ^su— 30 

[MttflB ] N i «)o#@Cl7a)S^S nXUS n/ 
P b a»<i7b)©*n«^tt««a6)<DRffl«J: 
0/M<«JSSSti. TB«iWI(i3)*JBir82Ni-«>o*JB 
Ci7a)RtfSnXi*Sn/P bti>oftJICi7b)*l»< 

tft*)S7 3 N i 35) o*JI(l7a,47a)B:tfSnXtiS 
n/PbaO-^ti (17b . 47b)<D^Bf8ri*Ttft«& (16 , 46) 

i afr •> ^ /S (I7a)&tf SnXIJSn/Pb«t)otli (17b) 40 
€r^<^-5X^3R*(n)<DTffi±1*«:a^6ti. JbB 
tti»lf (44)#1ffliBN i &o*IS(47a);&£/S nXliSn 
/ P b tf> o #® (47b)£Bfc < It- 5 ^ * 5&f* (ll)<D±B 
*(*«cBCt6n/c»*3B4ia«0^ v ^f. 

[M*H8 ] ±B$&f*JS (14 , 44)X«TB^»® (13) 
.[»3PH9 ] ±ffi^®(14,44)X«TB^/a(13) 
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2 

[18*^ i o i # ^ * js ® MgaffttOT - s * 

^*«*Cxi}aX»BBMfi»©4 0%tt_t 1 OOKBTt* 

!tt*8 111 ^*f*oO©TBB*l»< ft© 

5 BtC»»ttft«C50)*«8a[«ft 6n/c«*a 1 X** 2 IBtS 

[tt*£l 2] (a) *-2X**(*H*S5***HS 

s/- h (2D©Jtffi*#«:T»««.a6)*»j«r an» 

(b) WK^^-h(2i)<OM©frffi*f*6C«l|«^--X 
h£J6tfT*XB±. 

(c) fi?8S(b)XB©«B5/- K2l)€:#WELTtt»»(i 

4)t*j«r*iaA* 

(d) g?ISTIfi^S(16)<^BCCN i tf>oSJB(17a);&tf 
S n XI* S n / P b tf> o § S(17b)S: C <DM (Cfcl&T Z 

(e) fjISTtfim®(l6)<bi«>ot@(17)^6^^m^B^ 

^ »; h««cw»ior*«y»j©aa*»ia«*S5/-- h (2 
(o ■im^iiMoKa^jaufoiRtt^- f cuts 

(q) mriB@W«^-^x^*(*(22)^^<OW»TB<b^ig 
H&©M*«B(32,12)**Tr** * £ * * (1 

o)*»*xsi **** » ?my- $ **<nm&fim 9 
in^mi 3] (h) *r-^**t*&&m j e'? s »**is 

£/- h (2i)©itifCc*BSiJOTiS«aci6)*»JSS , <"*X 

(i) Bf8aT»«*Cl6>«rSttHU^o«[8aT»«a<iB.i 
6)H*»&* J: ^(c|?gB«IM^- h C2l)©ttEK*l*tt 

h€:^r^Xfii. 
(1) l?IB(i)Xa©^*>-h(2i)©]MO>i-H*(t*c« 

00 l9IBCi)Xg<D^V-h(21)^««Ortt»@(l 
3,l4)**fi8f*Xffd:. 

(1) iuiBStt O^Ta«ffi(i6)(D*ffi«:N i CI 
7a)&OS nXttSn/P ba«)^t®(i7b)^c<Dia«:^ 
fifi b T frgBTifem® (16) i £ 11 (I7)rt> 6^5 §^^^J 

©««*»faws^-- hc2i)±*c«st-r*xsi, 

(in) l9BB*«ff»jOSfi^J5U/c«E|g^"- h (2i)*2W 
T^Xa<b. 

(n) mgasfflMK^--a^^3R*(22)**o«jiKffitSii: 
■ooTffio«»fflr*2o<^«ci6^tiiiiR4*in 

->rt(D^«a(i2 ,i2)<rWf & ^ v S ^ t> (2 

:mm i4] (o) ne<i0X«rT»«aa6)%* 



(3) 
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6)£»lST*X*I<b, 

cp) 8ineTa^sa6,36)^a®tcN i #>otJi(i7a,37 

ajS^SnXUSn/Pb^o * Jg (17b, 37b)£ C OJS 
(q) f9i2«^'>- KOHffitc»fiEUfcTltt««Ci6 f 36) 

ia6o^Ji(i7 f 37)^6^^m®®^-en-en^ h 

(r) IWB*l»«0««4JB«Lfe«tt^- h(21)£2?ij 10 
0««ro»««#M»cttBT** 5tcJS»tt«cttJK 

(s) 89iBS»tttf-5^^*(*«:*<DttKlB<bSit«c* 
ffl-C * * ^«tc WBr l/tf? - 5 * * *f* (ll)C> 

imnefcttr 2 02 .12 ,32 , 32) *w 

[19*31 15] (t) BllB(h)XS-C*a^J(OTia«ig 
(16)^^ UfcjWSs/- h (2i)<D«fl(0K-ffitcfjiaTlfe^l 20 

T*xs<t. 
gstsxs*. 

(w) iqiaStlil//tTl6?IS(U6 1 46)O^CCN id£)o* 
J§ (17a, 47a)& S n Xtt S n / P b A £ B (17b ,47b) 

o#H&7 l 47)*>^«c-5*«W©«B€:SW2«B2/- b 

00 WE*l»flO«**»aofc«»S^-- K2i)*2W 
<Dmffir^«ffi* 5 ^«:&S-r * cfc 5«c»SWttOCttlK 
■r*Xg<t, 

(v) frrasattir- 5 x$m***<owttwtm&tei> 

HKMr*»T 2 «©— *t©«^fS«Cl2 .12 ,42,42)£W 

1 6 ] wiB(<oxaxtt(n)X«©«(c, 

[0001] 

Mrs. E«c»o<tt« : fttSa)iaa[|«fllffl- , /-iX* 50 



aawifew 7 ^a-v- 5 x»acreoaa#tt(cn 

[0002] 

[ffi*a>tt»5] CO«©*»7H*-5X*tt. 
[0 00 3] LfrU ><7^A<&£W;S£tfJa]T£<t 

— %<DW&ifi*>r>fc. ciDfcabaaoM^fcfttWKa 

<LIU8«:> «tttf*ttra6T»afi©ltH*c«>-*»B 
>*«»iaftOWatt*WT*A:«!). C<OV-t** 

[0004] c^^»iT*/cJ«), *aiaA»«f*w 

Ofc* 7 yffi^- 5 X * S^Ffflai/A: (»BW 3-2 
5 0 60 3). C<0*-?^SW--SX*t*. ^(D^ffifC 

{jxtivxmtj&mth. AccinanKB&aatK&m 
*cco«e»«»*tti3&><ttiRL/"C^7^*f¥*. ca>^ 

xh«MEU «BtLr««W««a*iB«'r&. Mw: 

**r *^ » 7*a^- 5 x * 

[000 5] 

> h@B»««caiBB!«i/fca«>«nx hum 

MiasE^jaWflDtJ-a/fci*^*^^***^* 1 - ^ 

r^-77 ^^MT^tt- $ 72tbT:<DiiftkttK<t 



(4) 

5 

[0006] *mxomm*> Ig^^«^/c^ »j ? & 

[000 7] 

0»6tt&? v^ttlf-5X^3R<*l 1 <!:, C<D-tf-5* 20 

1 4±£(g;tfcfe(DT&£. B4-BB(C7iVrj;5ec % 
#*W©*2©f 9^-27*2 0«, Sl^f v 
^Slf-S 1 0CDtJ--S*£i£f* 1 10>TB<0— *f 

coaS^S 12,12 HfcTBffcBW l 3 *S»r fcfc O 

[0 00 8 ] mi&7fi-?&*)lt. *»flO»3©^*;y 
5^-3**3 Ott. Sl^^lf-SX^ 1 OiC 30 

\o>kmtmm\ 4Oftt>0 

CC»oriBH**W-C-*t©«^««3 2. 3'2«*tt 

^t^-5X^4 0«, 312©* v^Stf-2^*2 0 
lc4tfl>T. tf- 5 * l l©±ffiJWW»l 4 0ft*> 

o tc; - s * *58<* 1 1 <D±m<D\mfa-r s 2 00a 

««:»o"CBIH**W-C— »©«^«fi4 2. 4 2£ta: 
W\ Ctl6CD4S^S@4 2, 4 2IBtC±ffi|ftllli4 4* 
KWfcfc<Dr*S. Bl, 04. B7RtfB8tC 40 

^•r<£5ic. «^-S«1 2. 3 2. 4 2ttft£««rtf 
Ttifc^Sl6, 3 6. 46 i, COTJWS16. 3 
6, A 6<omm^fS,^tltcN i tf>o#IS I 7 a, 3 7 

a, 47ai, C0N 1 7 a, 37a, 47 
aO)»CM?n/cSnX(iSn/Pb^-^ll 7 

b. 37b. 47b&«fl*«C£*S!ffS'(A>. 

[0 00 9] * fc, **W0>» I <7>* ? 5 * £ 

(0 i 0&&B ii). »Wi^- H 2 i a>8i|a>Jtffl£# w 
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«Mbria^ui i 4*#fiSo (hi 2 > . rtfi^si 6 

<0^®«1N iiOotl 1 7 a^SnX»Sn/Pb«) 
->*H1 7 b£C<DflEK:jf£j£0 (H I StfB 12), C 
(flTtfi^&l 6t£>~>%® 1 7 3^6tt4«affl«:^y v 

h««ciffflur*ttwo««*«asf - f 2 1 ©K-sotc 

JftfcO (013). CCE)Mtt^- h 2 1 *2*KD*«r 
o*TO^)»Wft«^*<t^<cS#«K:«lKb (Bl 

4) . mmftv~zz*&»2z**<Dtotiim£&&te 

* (Bl 5) #i£r&*. 

[0010] £/c> **q8©lB2<7)^v^SS^-5^5f 

2 0Ottl*ffitt, BQteTjVrtf-S*****!!*'?* 
?&*S^~ h 2 1 ©frffi5C^aW©T««« 1 6 

fiSL (01 6Rtf0 17). Tlftm@l 8€KHll/^ 
CH60T»«tm«ra^*J: 5«c«BS^- h 2 1 ©It 

. 2 1 «(WEOrlMIBl 3. 1 4«BfcU (Bl 8) . 
SiiiU/fcTHfi^ffil 6<oa®(CN i 1 7 a&O 6 

SnXiiS n/Pb^^tll 7 b *COJB«c»dtO-C 
Ttt&^Sl Si^otHi 7^6^2>^»?iJ©^g^^ 
(B4&C/B19) . C(D^tSV- 

h 2 i € 2 w©««roa.«s^«»tc(4Br si: ^ cc 

HWttKittKO (02 0) . iKt-^^2 2 

0£{H£ (B2 1 ) 
[0 0 1 1 ] **|B<D»3©^v^ffl*-5^* 

3 0(DS^ig^«. 0 9^Tt-^^*^7S 

h 2 1 <Efl|®CCTH&^& 1 6 RC^3 6 
(S3 1) . cn6<DTifi«Sl 6. 3 6<DaoiCc 
Nia6o^r®17a. 3 7 a&O'S nXteS n/P b #> 
otJS17b, 3 7 b^rCflOjHCc^n^njBdtLrrTitt 
^@16. 36<hfi?)^#ei7, 37^6ttS*S*<S 
ttSz-hOMBtc^AO (B7SCR33 2) . «T, 0 
B 1 3&CXB 1 4 iPJD#ffi"C«9SV- h 
(DPIECCj^fiSL^cTttijm® 1 8. 3 6i^o*@l 7. 

3 7^6tt^«SB€:-en-en^ g » ht^tcWBiiLr^ 

»MO«S*«8tt^- H 2 1 ©MSCCtB^rSiTSi: ^ «: 
JBfiSU. COM^- h€r2Wa)SSro»aS*s»l» 

[00l2)"fitc 4 7»:»M©JB4©^y^ , S-^-5^* 

«^j<G>TJfif8<& i 6ae>'4 6C«at (033) . cn 



7 

1 3. AAZmfcL, (03 4) . WT. HmO«C<r>#. 
HI 9iH(;*flS"CBiBUfcT18*ffil 6. 4 6<9£l® 
KIN itf>-3*JB 1 7 a. 4 7aSc;SaX«Sn/Pb 
«>o*ffll7b. 4 7 b*COiWc*n^n*«L-CT 
ifc^&l6. 4 6£tf>^£lgl7, llfrhUh&im 

<o&&zm&i'- bvmmicMi&L. cohosh h% 
ifijr * v ^ttccttW or ^ > ^h^- s x * 4 o %nz> 

a) « s y zm&i/- h<D<m 

£9ff6**. 5fefMn, Fe. Co. Ni, Cu ( A 

i w<o&moMimvtt>k 1 ext* 2*1^^**0 

[0014) (2) T*6^g<Dff2l$ 

yccc, en otcTn-r^^cc &&^-h2 iok-e£<* 

or#y£-r*. Hi n*0i 0<&F2Bfe*:@r2>*. c 

c S£®*&**w^Tfttf. a g. a 

u. Pd. pt&on&m, xitctxhzmGLtcwm 

t>mie>t\*. C©»SS«:J:0T«WBS1 esWJWS^- 

*t*£<c J: o T»«a*»«R-r -& c t i * . 
[ o o i 5 ] o) &mm<omm 

m \ 2CCmrcfc^tC, j&t&v- h 2 l CDTife^ffil 6** 
»£ L r JsttMO J; 5 & 4MB f kttfNMW c 
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H l 4a**7^xJl<Dt8£«:#. //^i i 4 

<04 0%W±1 00%^TOiCiW$l^ MK 

[00 16] Kff&KilJ. Hn*£irtKK3tife2 

x*5£<*l 1 <t#5*lfl &Efc$fHfc&<P 

<!: * IC* (O A If CD^ffiiJcO^ I ffl£* t,C*tLX9vv*fr& 
{00 l 7 ] (4) sb-o&moBfit 

30 0 1 ac/@ 1 2 cc^t<£ ^ tc> rm&m 1 6 

cfcD^fUciWJU^ #>i %M 1 7 tiN i 26 
-?#J11 7 aSC^S nX«Sn/Pb«>^t/il 7 b 

OMSn^. «>oSfS«:Ni, SnWSn/Pbi 

T6fcfi6T^0, SnX«Sn/Pbi()o*117b«: 
^. 

[0018] (5) *ttPJOttfi0J&& 
v httCCW»Jor*ttW0>««€r«*S^-- h 2 1 <0>tffi 
50 ! 0 0 I U ) (6) SHU** - ^ ^ **VK»Bi£ 



(6) 



0 I 3&O'0 1 4£C?tsTJ: ^QlM<D@BFf-CGa* I 
5 ZB&btdfi&i/- h 2 1 * 2 JI|<0«SroS«S# 

(0020 ] (7) ^s/-*- * wcm 

0 1 ArRum l S^ttT^^w:, lB^J/>yy-« 
5? i o*f#*. 01 srweti/c^v^sa-^-s^* 1 

[0 02 1 ) (B) S2O*?7'M-?-S*£20OKiS 

CD -fe-7 S 9 *ttttf - KDf¥»iT»««©»fiS 
m\(0^y 1*5 1 0<O^7 ^ ? ?fttss'- h 

iH^Batt 9 5 7 d^iRttJ/- h 2 I €fl«T5. * 

ltMT6. B I 7BH1 6©FIMtrtErc*S. C 
«BJBl 6 a (016) ^«ir*J<CiW«l/ 

r fgSI&K £ 0 Ttt«a*«fiJ5T * c <t r * * . 30 
[0 02 2] (2) mm<Dj&f& 
mi 8 Km***: sec, «tt5/- k 2 KDMMcc-en-en 

(JSKD^-^'I^-^^ 1 0 h£H 
Tife^@l 6#KW6*lfc«-BTtt. Tiam«§] 6 £15 

i e^swenttv^ffirt^ftBtt^-^ h#>— h£ <o 

f*CClfcmsn&. KHB^OIftlitt'*--* KDSMS 
«:tt*L/c«. — h 2 l^r^JiOr. 10-2 
13. I 4^»«£3n4. «»JB I 3, I4^7X* 

h 2 1 tt#JE««»<0 4 OKfeLh I 0 0 HWT*CA 
[ 0 0 2 .1 ] (3) ftBOIBtf 50 
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B4&OT8 1 9<Cm-rJ:5 0C. StiJU/cTJ&SS&l 6<D 

SB(ca6o*ii i 7*8Wt. TWtfS&i eRa#>->& 

SJf i 7t*N iAotll 7 a^SnXaSn/Pb 
tf>o£J! 1 7 b£C<7>ffitC*fr#*f Cla6©i0->#» 

[0024] (4) *§fifri#?-- 2 * ?%fr<OBf& 
0 1 9&C/02 0tC/T*-f<fc StC % ££flM©Bi?T"C«>o t 
JB 1 7*»«UWWSi/- H2 1 «:2?U©*WoS* 

•*-5;<*$&{*2 2*f#*. 
[0 02 5] (5) Pv-fttf- 5X"*<DfWI 

02O&t>'02 i(cS^J:9Cc. ±E*-fi/>yy-* 

BifiEfc^rC* » tWcWKLT * 9 X x 

*2 0£f#£. 02 1 rt#6*lfc*-; ^ tf- $ X * 2 
O^HjE-etf. B4RCfla8<D* 1 *:/Sir-5X*£ft 
5. 

[002 6] (6) ^<Dffi<D*fti*E>^2 <D* y Tatf- S 

B2 2 6C7jVrJ:5«c. K2 1 ©^B«cTi4«* 

2 6**»««CCJBfiSr&. C(O^S^2 6«10(0^ 
fiW«Wiffl2 6 a^SfiS2 6 b ±j^L/c* 
02 30«.^RCC^T<*:^«:^ 

^a!^-SX*2 8a&<»6ti*. CO^-^ai2 8« 

B6SS(c^-r<fc^tc«te^-h2 i««9Mr«^. S2 

8-03 0 tC^T^ v 5 X ^ 2 9 d<}f 

C tDlf- $ X ^ 2 9 tt^&JI 2 6 ©Bfflffl»^<rt^c 

2 4CDS8BR2 6 b^ii^S^TtC^TSP»ttffla§3 
n*. 02 5-133 OKfcHT. 0 5SO*06i(sJ-7^ 

[0 02 7) (C) ^3©f 7 5X^3 0<D|?^ 

CD *v 5 vm&is- h©ffi»iTtSSSO»SE 
^ 1 v -7*£hf - 5 x 5? 1 0 <Dfe 7;? ^jR*SV- Y 

03 l Jc^TJ: ^ cc. h 2 l ©prated I 

«JBV- h 2 ) OHBCCTttkWfi I 6M3 6 

[0 02 8 J C2) A-a*B©JB* 
07RO'03 2CC7p:rcfc^^. f»««si ewafio 
&iliM8C^-»(»« I 7 7 4r^C-tr. T-ftfM I 6 



u 

9S&£fl££C<h#Jff£tA>. tf>o#J817. 37ttN 
i«)otlS17a, 37aMSnX«Sn/Pb«)o 

^ii7b, 37 b^cowiicjBRxr^. cn<=><D&o 
[ o o 2 g ] (3) &m\<o%^ mmw?- s * 

03 2(O^BS^OTt6Sffil e&tftfJ^Ji I 7 <b 
TWSS3 6RCf«)ot®3 71:^lQ^ v^^-S 10 

W©«S%«6Bi/- h 2 1 ommzWbftTZZWB 
(cuhi 3ii^lD^ffir^ia«:CD^^$ni. c<d 

x*3 0£&£- c<oir-sx*3 0«^£i[ai#-c£> 

[0 03 0] (0) 9U<0*v7mV-%7s* 4 0OSBS 

» 1 ? -T^r- ^ * * 1 0<D-fe5£ h 
(c, 03 3 fcjnfJ: h 2 l ©WfflfcSI 1 

&^~x h *««(cn*r *. coistssysi'- h 2 i 30 

i*n*. CQ&fiSfcJcOj&e^- H2 i©waWcMC>«c 

[ 0 0 3 1 ] (2) ffc&/a©jfrS 
03 AfCTn-TJ: 5<C. h 2 1 omffiK.-Zti^tx 

<Dt§^<b|al*$CC CO&B&^-Z Htm I CD 

T k #7X^-xhX«f&A&^~*H^**. T»S« 

cn6<D«ffiBII 9tc % £fcTifcS5&4 6#a& 

^-^h*»«rufc», h 2 ifcSM&nur. 

10-20 uralg^tOil^CO^^^JlX^fliJi^^^ 
-6«»«13. 4 4M&«3ft&. «KH13. 4 4 
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at*--* 1 o<D# : 7z®±mcm&-c?- : zzf& 

[0 0 3 2] (2) to-z>Z®<D&f& 

0 1 9rinb/c^2C0^^7 , g2^-^^2 ooii^ 
j££|SHStc. TiftSfiil 6RCM 6Q&^®K:a?>-?£Ji 

1 7RO'4 7€rS^r, T»WS 1 6&tf«>o£/Il 7 

<tTftfe^e4 6 -> * m 4 7 <c<t o £&yij©sg* 

ffSCi«ff*UC». 08KmTJ:5K:> «>o#lf 1 
7. 4 7ttN i abofcJil 7a. 4 7 a&O'S nXttS 
n/Pb&otll 1 7 b. 47 b ^ C (OM^Bf&t 6 9 

[0 0 3 3] (3) Wt-U^W^^W 

01 9RCJ02 OT^O/cff^CD* v^S!^-SX5r 2 
0(D^ffi«fiS<bPl«(C«>o^/ai 7&tM7£^0/c 

mzis- Y2 1 ^2?j(omsro§m@^^cc{4sr 

^7^CC^»rOT08K:^r^^^1f-^X^4 0 

[0034] (E) tmmmm*v-f%k<r-zxz<D 

@3 6Ktf®3 7(C^-T<t^tC. f KO^^Sf-^ 

I osc;^2<D^^^if-5x^2 00cMur, 
^n-en-^(DSg^@ 12.12 ixt 
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Patent Publn. Kokai No. 6-216908 
Published: Augusts, 1994 
Appln. No. 5-141682 
Red: June 14, 1993 
Inventors: Y. Fujimoto et al 
Applicant: Mitsubishi Material Corp. 

Chip Type Ttermistor and Method for Making Same 

DETAILED DESCRIPTION OF INVENTION 

TECHNICAL FIELD TO WHICH THE INVENTION BELONGS 

This Invention relates to a chip type thermistor adapted to be surface mounted on a printed 
circuit board or the like and a method for making the same, and more particularly to a chip type 
thermistor the resistance of which will be reduced with a rise In temperature and which is suitable for 
use as a temperature compensating thermistor and a surface temperature measuring sensor for 
electronic equipment, and a method for making the same. 
PRIOR ART 

Heretofore, the chip type thermistor of the type concerned has electrodes made principally of 
silver-palladium baked to the opposite ends of the thermistor element. The pirpose of including 
palladium In addition to silver as electrode Ingredients Is to prevent the silver from dissolving into 
solder when soldering the chip type thermistor to a circuit board and thereby improve the resistance 
of the electrodes to soldering heat. 

However, there has been a certain limitations to the content of palladium in that an increase in 
the content of paBadium wiD degrade the adherability of the electrodes to solder and hence the 
adherability of the chip type thermistor to the board. For this reason, the prior art chip type 
thermfstor has been inadequate in the solder heat resistance In situations where the soldering of the 
electrodes is conducted at an elevated temperature and over an extended period of time, In order 
to enhance the solder heat resistance and solder adhesion characteristics, It would be conceivable* 
to provide a plating layer on the surface of the baked electrodes which are priming electrode as in 
the case of a chip type condenser. However, since the thermistor element has electrical 
conductivity in contrast to the condenser element, if the thermistor element is subjected to a plating 
process in Its uncovered state, a plating would adhere to the surface of the element, resulting in 
providing an electrical resistance different than a desired one, and in addition, the thermistor 
element would be eroded by the plating solution, disadvantageous^ resulting in a degraded 
reliability. 

In an attempt to overcome this problem, the present applicant proposed a chip type thermistor 
having a plating layer formed on the surface of each of the baked electrodes with the surfaces of the 
thermistor element excluding those which the baked electrodes ere to contact being masked with a 
glass layer (see Japanese Patent Application Publication No. 3«2506Q3), This chip type thermistor 
may be manufactured by a process comprising the steps of: printing and firing glass paste on the 
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opposite surfaces of a sintered ceramic sheet to form insulating glass layers thereon; cutting the 
sintered ceramic sheet having the opposite surfaces coated with glass layers into rectangular 
blocks; printing and firing glass paste on the opposite cut faces of each of the rectangular blocks in 
the same manner as described above to form Insulating glass layers thereon; cutting the rectangular 
block perpendicularly to the cut faces into individual chips; applying conductive paste to the opposite 
ends of each chip so as to wrap the cut faces and then firing the paste to form baked electrode 
layers; and finally forming a plating layer on the surface of each of the baked electrodes as priming 
electrodes to provide a chip type thermistor having terminal electrodes each comprising a baked 
electrode layer and a plating layer. 
SUBJECTS TO BE SOLVED BY THE INVENTION 

However, the chfc type thermistor in general including the chip type thermistor described above 
in which terminal electrodes are disposed on the opposite sides of the chip type thermistor element 
is apt to crack when it is subjected to tensile stress due to thermal stress after it has been surface 
mounted on printed circuit board. In addition, occurrence of cracks may alter the characteristics as 
a thermistor Moreover, the manufacturing process described above not only requires coating of 
glass layers to be carried out in two separate steps, but also, after chips have been made, requires 
application of conductive paste and formation of plating layers on the opposite ends of each chip. 
Consequently, great care must be given to handling after chips have been made. All these factors 
contributed to complicating the manufacturing steps, and necessarily Increased the manufacturing 
cost 

An object of the present invention is to provide a chip type thermistor which has no solder 
bridge between the electrodes, which is excellent in solder heat resistance and solder adhesive 
characteristics, and which is highly reliable since no significant resistance change is caused through 
a process of plating the electrodes. 

Another object of the presort invention Is to provide a chip type thermistor having a high 
strength against tensile stress resulting from thermal stress. 

Yet another object of the present hventlon is to provide a chip type thermistor which has no 
directivity different between top and bottom sides, thereby facilitating the working required before 
surface-mounting the thermistor on a circuit board- 
Still another object of the present invention is to provide a method of manufacturing the superior 
chip type thermistor descrfced above in a relatively easy and inexpensive manner. 
MEANS BY WHICH TO SOLVE THE SUBJECTS 

As illustrated in Figs. 1 -3, a chip type thermistor 1 0 according to a first embodiment of the 
present invention comprises a hexahedral chip type thermistor element 1 1 , a pair of terminal 
electrodes 12, 1 2 disposed in spaced apart relation along the opposite end edges of the bottom 
surface of the thermistor element 1 1 , and a top insulating layer 1 4 disposed over the entire top 
surface of the thermistor element 1 1 . Figs. 4-6 show a chip type thermistor 20 according to a 
second embodiment of the invention similar to the firsl embodiment except that a bottom insulating 
layer 1 3 is disposed on the bottom surface of the thermistor element 1 1 between the pair of terminal 
electrodes 12, 12. 
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Fig. 7 illustrates a chip type thermistor 30 according to a third embodiment of the invention 
similar to the first embodiment except that instead of the top insulating layer 14 in the first 
embodiment a second pair of terminal electrodes 32, 32 are disposed in spaced apart relation along 
the opposite end edges of the top surface of the thermistor element 11. Fig. 8 shows a chip type 
thermistor 40 according to a fourth embodiment of the Invention similar to tt\e second embodiment 
except that instead of the top insulating layer 14 in the second embodiment, a second pair of 
terminal electrodes 42, 42 are disposed in spaced apart relation along the opposite end edges of the 
top surface of the thermistor element 1 1 and that a top insulating layer 44 is disposed on the top 
surface of the thermistor element 1 1 between the second pair of terminal electrodes 42, 42. 

It should be noted that as shown in Figs. 1 , 4, 7 and 8, each of the terminal electrodes 1 2, 32, 
42 may preferably comprise a priming electrode 1 6, 36, 46 containing noble metal, an NI plating 
layer 17a, 34a, 47a formed on the surface of the priming electrode, and an Sn or Sn/Pb plating layer 
1 7b, 34b, 47b formed on the surface of the Ni plating layer 1 7a, 34a, 47a 

The method of manufacturing the chip type thermistor of the first embodiment according to the 
present invention comprises the steps of: forming a priming electrode 1 6 over the entire surface of 
one side of a sintered ceramic sheet 21 shown in Fig. 9 (see Figs. 1 0 and 1 1); applying an Insulating 
paste on the entire surface of the other side of the sintered ceramic sheet 21 and then firing the 
sintered ceramic sheet 21 to form an insulating layer 14 (see Fig. 1 2); forming an Ni plating layer 
17a and an Sn or Sn/Pb plating layer 17b in the order named on the surface of the priming electrode 
1 6 (see Figs. 1 and 1 2) ; grinding away portions of the electrode surface composed of the priming 
electrode 1 6 and the Ni plating layer 1 7 in a multiple flute-forming manner to form a multiplicity of 
rows of electrodes separated by recessed flutes or silts 1 5 on one side of the sintered ceramic sheet 
21 (see Rg. 13); cutting the sintered ceramic sheet 21 into a number of elongate rectangular blocks 
such that each rectangular block has two spaced rows of electrodes positioned on the opposite end 
edges thereof to obtain rectangular block-like thermistor elements 22 (see Fig. 1 4); and finally 
cutting each of the rectangular Mock-Ike thermistor elements 22 perpendicularly to the cut faces to 
form Individual chip type thermistors 10 (see Fig. 1 5). 

The melhod of manufacturing the chip type thermistor of the second embodiment according to 
the present invention comprises the steps of: forming a number of rows of priming electrodes 1 6 on 
one side surface of a sintered ceramic sheet 21 shown in Rg. 9 (see Figs. 1 6 and 17); applying an 
insulating paste on the one side surface of the sintered ceramic sheet 21 so as to All the spaces 
between the priming electrodes 1 6 while the priming electrodes 1 6 themselves are exposed and 
applying an insulating paste on the entire surface of the other side of the sintered ceramic sheet 21 
and then firing the sintered ceramic sheet 21 to form Insulating layers 13, 14 (see Rg. 1 B); forming 
an Ni plating layer 1 7a and an Sn or Sn/Pb plating layer 1 7b in the order named on the exposed 
surfaces of the priming electrodes 16 (see Rgs. 1 and 1 2) to form a number rows of electrodes each 
composed of the priming electrode 1 6 and plating layer 1 7 on the sintered ceramic sheet 21 (see 
Rgs. 4 and 19); cutting the sintered ceramic sheet 21 Into a number of elongate rectangular blocks 
such that each rectangular block has two spaced rows of electrodes positioned on the opposite end 
edges thereof to obtain rectangular block-like thermistor elements 22 (see Rg. 20); and finally 
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cutting each of the rectangular block-like thermistor elements 22 perpendicularly to the cut faces to 
form individual chip type thermistors 20 (see Rg. 21). 

The method of manufacturing the chip type thermistor of the third embodiment according to the 
present invention comprises the steps of: forming priming electrodes 16 end 36 on both side 
surfaces of a sintered ceramic sheet 21 shown In Fig. 9 (see Rg. 31); forming an Ni plating layer 17a, 
37a and an Sn or Sn/Pb plating layer 1 7b, 37b in the order named on the surfaces of the priming 
electrodes 16 and 36 to form electrodes each composed of the priming electrode 1 6, 36 and plating 
layer 1 7, 37 on the both sides of the sintered ceramic sheet 21 (see Figs. 7 and 32); grinding a . 
number of spaced apart slits 1 5 In the electrode surface composed of the priming electrode 16 and 
the Ni plating layer 17 to form a number rows of separated electrodes on one side the sintered 
ceramic sheet 21 (see Fig. 13); cutting the sintered ceramic sheet 21 into a number of elongate 
rectangular blocks such that each rectangular block has two spaced rows of electrodes positioned 
on the opposite end edges thereof to obtain rectangular block-like thermistor elements 22 (see Fig. 
1 4); and finally cutting each of the rectangular block-Ike thermistor elements 22 perpendicularly to 
the cut faces to form individual chip type thermistors 10 (see Fig. 15). 
a number of spaced apart slits in the electrode surfaces composed of the priming electrode 1 6 and 
the Ni plating layer 17 formed on the both side of the sintered ceramic sheet 21 to form a number 
rows of separated electrodes opposed to each other on the both sides of the sintered ceramic sheet 
21 ; cutting the sintered ceramic sheet 21 into a number of elongate rectangular blocks such that 
each rectangular block has two spaced rows of electrodes positioned on the opposite end edges 
thereof to obtain rectangular block-like thermistor elements 22, as in the similar manner descrtoed 
above wfth reference to Figs. 13 and 14; and finally cutting each of the rectangular block-like 
thermistor elements 22 perpendicularly to the cut faces to form individual chip type thermistors 30, 

The method of manufacturing the chip type thermistor of the fourth embodiment according to 
the present Invention comprises the steps of: forming a number of rows of priming electrodes 1 6 and 
46 in opposed positions on both side surfaces of a sintered ceramic sheet 21 shown in Fig. 9 (see 
Fig. 33); applying an insulating paste on the both side surfaces of the sintered ceramic sheet 21 so 
as to fill the spaces between the priming electrodes 1 6 and 46 while the priming electrodes 1 6 and 
46 themselves are exposed and then firing the sintered ceramic sheet 21 to form insulating layers 
13, 44 (see Fig. 34); forming an Ni plating layer 17a, 47a and an Sn or Sn/Pb plating layer 17b, 47b 
in the order named on the exposed surfaces of the priming electrodes 16, 46 to farm a number rows 
of electrodes each composed of the priming electrode 1 6, 46 and plating layer 1 7, 47 on the both 
sides of the sintered ceramic sheet 21 in the similar manner described above with reference to Fig. 
1 9; cutting the sintered ceramic sheet 21 into a number of elongate rectangular blocks such that 
each rectangular block has two spaced rows of electrodes positioned on the opposite end edges 
thereof to obtain rectangular block-like thermistor elements; and finally cutting each of the 
rectangular block-like thermistor elements peipendicularly to the cut faces to form Individual chip 
type thermistors 40. 

The present invention will be described in greater details below. 
(A) Manufacture of the chip type thermistor.10 of the first embodiment 
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(1 ) Preparation of the sintered ceramic sheet: 

As shown in Rg. 9, a sintered ceramic sheet 21 is provided. The sintered ceramic sheet 21 is 
prepared by the following process: 

First, one or two or more of oxides of metals such as Mn, Fe, Co, Ni, Cu, A| and the like is or are 
mixed. When two or more metal oxides are to be mixed, they should be weighed such thai they 
have a predetermined metal atomic ratio. This mixture is calcined and crushed, mixed with an 
organic binder and then molded into a rectangular block, followed by firing it to prepare a sintered 
ceramic block (not shown). Then, the block i$ art into wafers with the use of a hand saw to obtain 
a sintered ceramic sheet 21 as shown In Fig. 9. Or alternatively, after calcining and crushing a 
mixture of the metal oxides, the mixture may be kneaded with the addition of an organic binder and 
solvent to prepare a slurry, which is in turn formed into a film as by the doctor blade process. Then, 
the film may be dried to obtain a green sheet, which may be fired to produce a sintered ceramic 
sheet 21. 

(2) Forming of the priming electrode: 

Next, as shown m Rg. 1 0, a conductive paste containing a powder of noble metal and an 
inorganic binder is applied to the entire surface of one side of the sintered ceramic sheet 21 and 
then fired. Fig. 1 1 is an enlarged view of the circled portion F In Rg. 1 0. Preferably, the 
application of the conductive paste may be canted out by a printing process which ensures uniform 
printing of the paste. By way of example, the noble metal powder may include a powder of noble 
metal such as Ag, Au, Pd, Pt and the like and a mixture of them. By firing such powder, the priming 
electrode 1 6 Is formed over the entire surface of one side of the sintered ceramlo sheet 21 . It 
should be appreciated that instead of applying conductive paste by a printing process and firing it to 
form a priming electrode for a baked electrode layer, the priming electrode may be formed on one 
side surface of the sintered ceramic sheet 21 by thermal spraying. 

(3) Forming of the insulating layer: 

As shown in Fig. 1 2, an Insulating paste Is applied over the entire surface of the other side of 
the sintered ceramic sheet 21 which is devoid of the priming electrode 1 6. The application of the 
insulating paste may also preferably be carried out by a printing process. The Insulating paste may 
include glass paste or resin pasta It is required that glass component contained in the glass paste 
or the resin contained in the resin paste have a resistance to plating. The glass component may be 
either crystalline or noncrystalline. The resin may include thermosetting resin such as epoxy resin, 
for example. The sintered ceramic sheet 21 having such insulating paste applied thereon may be 
subjected to heat treatment to form an Insulating layer 1 4 on the order of 1 0-20 n m in thickness 
comprising a glass layer or a resin layer. Where the insulating layer 1 4 comprises a glass layer, it 
is preferable that the glass lay©- have a thermal expansion coefficient greater than 40 % and less 
than 100% ofthat of the sintered ceramic sheet for the thermistor element. If the thermal 
expanston coefficient is in this range, the thermistor 10 may have an increased fracture strength as 
compared to the case where it has no such glass layer. 

The fracture strength is defined as a fracture strength as measured when a stress is exerted on a 
chip type thermistor at the middle thereof which is supported on its opposite ends by two spaced 
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apart stands. This serves as a measure of how much the chip type thermistor can withstand stress 
strain (thermal stress) caused by heat involved with soldering when surface mounting the thermistor 
to a printed circuit board and by thermal cycles after the surface mounting. Presumably, it is 
because there is a compressive stress remaining in the glass layer on the surface of the thermistor 
element that the thermistor 1 0 according to the present invention exhibits an increased fracture 
strength. More specifically, when the thermistor element 1 1 and the glass layer 1 4 are allowed to 
cool down, the thermistor element having a higher thermal expansion coefficient will suffer a higher 
rate of shrinkage, so that the glass layer is compressed. When a bending force is applied to the 
thermistor 10 in this state, a compressive stress is produced on the inside of the bending while a 
tensile stress is produced on the outside of the bending. The thermistor element 1 1 and the glass 
layer 1 4 are both characterized by being tough to compressive stress but being vulnerable to tensile 
stress. Consequently, if a compressive stress is preliminarily imparted to the thermistor by the 
glass layer, upon a bending force being applied thereto, the thermistor is less liable to cracking than 
if it had no glass layer under a tensile stress occurring on the outside of the bending. While the 
resin layer does not serve to enhance the fracture strength, it provides the advantage that it may be 
set and formed at a tower heat treatment temperature as compared to the glass layer. 

(4) Forming of the plating layer: 

As shown in Figs. 1 and 12, it is preferable that a plating layer 1 7 be disposed on the priming 
electrode 1 6 to make an electrode from the priming electrode 1 6 and the plating layer 1 7. The 
pfating layer 17 is formed by laminating an Ni plating layer 17a and an Sn or Sn/Pb plating layer 17b 
in the order named. These plating layers may be formed by electrolytic plating. Known Ni, 5n 
and Sn/Pb plating baths may be used for this purpose. The reason for making the plating layer of 
two-layer construction is to have the Ni plating layer 17a enhance the solder heat resistance as well 
as prevent the priming electrode 1 6 from being eroded by solder, and the Sn or Sn/Pb plating layer 
1 7b is intended to enhance the adherabiKy of the terminal electrodes 12 to solder. 

(5) Forming of multiple rows of electrodes: 

As shown in Figs. 12 and 13, portions designated at B of the electrode surface comprising a 
priming electrode 16 and a plating layer 17 are ground away in a multiple flute-forming manner by 
using a dicing saw such as a cutter equipped with a diamond blade to form a multiplicity of rows of 
electrodes separated by recessed flutes 15 on one side of the sintered ceramic sheet 21 . Formed 
between adjacent rows of electrodes by this grinding operation are the recessed flutes 1 5 which will 
be a gap between the terminal electrodes of each final product, that is the chip type thermistor 10. 

(6) Forming of elongate rectangular block-like thermistor elements: 

As shown in Figs. 13 and 14, the sintered ceramic sheet 21 having the recessed flutes 15 
formed therein is cut along the planes indicated by arrows M by the aforesaid dicing saw to form 
elongate rectangular blocks such that each rectangular block has two rows of electrodes positioned 
on its opposite end edges to thus obtain elongate rectangular block-like thermistor elements 22. 

(7) Preparation of the chip type thermistor: 

As shown in Figs. 1 4 and 1 5, the aforesaid dicing saw is used to cut the rectangular block-like 
thermistor element 22 along the planes Indicated arrows N perpendicular to the cut faces of the 
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element into chips to obtain chip type thermistors 1 0. It will be seen that if the chip type thermistor 
10 obtained in Ftg. 15 is turned upside down, then it appears as shown in Figs. 1 and 3. 
(B) Manufacture of the chip type thermistor 20 of the second embodiment 

(1 ) Preparation of the sintered ceramic sheet and forming of the priming electrode: 

A sintered ceramic sheet 21 is prepared by the same process as that for the sintered ceramic 
sheet 21 for the chip type thermistor 1 0 of the first embodiment. 

Next, as shown in Fig. 16, a conductive paste containing a powder of noble metal and an 
inorganic binder is applied in a striped pattern to one side surface of the sintered ceramic sheet 21 
and then fired. Fig. 1 7 is an enlarged view of the circled portion F in Fig. 1 6. Preferably, the 
application of the conductive paste may be carried out by a printing process in which the conductive 
paste is printed on the sintered ceramic sheet which Is masked with a predetermined striped pattern. 
The conductive paste may be the same as that for the chip type thermistor 10 of the first 
embodiment. By firing the paste, a multiplicity of rows of priming electrodes 1 6 are fonmed on the 
surface of the sintered ceramic sheet 21 , It is preferable that at this point a plating-use electrode 
layer 16a for shorting together all of the multiplicity of rows of priming electrodes 16 be formed on 
one end edge of the sintered ceramic sheet 21 (see Fig, 16). tt should be appreciated that besides 
applying conductive paste by a printing process and firing it to form priming electrodes for baked 
electrode layers, thermal spraying may also be used to form the priming electrodes on one side 
surface of the sintered ceramic sheet 21 with a predetermined striped pattern superposed on the 
sheet. 

(2) Forming of the insulating layer: 

As shown in Fig. 1 8. the same kind of insulating paste is applied on both side surfaces of the 
sintered ceramic sheet 21 . The insulating paste may be the same glass paste or resin paste as 
that for the chip type thermistor 1 0 of the first embodiment. For the one side surface on which the 
priming electrodes 1 6 are disposed, the insulating paste is also applied in a striped pattern so as to 
fill the spaces between the priming electrodes 16 while leaving the priming electrodes 16 
themselves exposed. In the case where there is a plating-use electrode layer 1 6a, the plating-use 
electrode layer 1 6a is also left exposed, For the other side surface which is devoid of the priming 
electrodes 1 6, the insulating paste is applied over the entire surface. It is preferable that the 
application of the insulating paste on either side surface of the sheet be carried out by a printing 
process. The sintered ceramic sheet 21 having such insulating paste applied thereon may be 
subjected to heat treatment to form insulating layers 13, 14 on the order of 10-20 u m in thickness 
comprising a glass layer or a resin layer. Where the insulating layers 1 3, 14 are glass layers, it is 
preferable for the same reason explained above in connection with the first embodiment that the 
glass layer have a thermal expansion coefficient greater than 40 % and less than 1 00 % of that of 
the sintered ceramic sheet for the thermistor element. 

(3) Forming of the plating layer: 

As shown in Figs. 4 and 1 9, it is preferable that plating layers 1 7 be disposed on the exposed 
priming electrodes 16 to make a multiplicity of rows of electrodes each from the priming eleclrode 16 
and the plating layer 1 7. The plating layer 1 7 is formed by laminating an Ni plating layer 1 7a and 
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an Sn or SrVPb plating layer 1 7b in the order named. These plating layers may be formed by the 
same process explained above in connection with those far the chfp type thermistor 1 0 of the first 
embodiment 

(4) Forming of elongate rectangular block-like thermistor elements: 

As shown in Figs. 1 9 and 20, the sintered ceramic sheet 21 having the plating layer 1 7 formed 
thereon is cut along the planes indicated by arrows M by a dicing saw such as a cutter equipped 
with diamond blades to form elongate rectangular blocks such that each rectangular block has two 
rows of electrodes positioned on Its opposite end edges to thus obtain elongate rectangular block- 
like thermistor elements 22. 

(5) Preparation of the chip type thermistor; 

As shown In Figs. 20 and 21 , 1he aforesaid dicing saw is used to cut the rectangular block-like 
thermistor element 22 along the planes Indicated arrows N perpendicular to the cut faces of the 
element into chips to obtain chip type thermistors 20, It wiD be seen that ff the chip type thermistor 
20 obtained in Rg. 21 is turned upside down, It appears as shown In Figs. 4 and 6. 

(6) Manufacture of the chip type thermistor of the second embodiment having a modified 
construction; 

As shown in Fig. 22, a multiplicity of priming electrode layers 26 are farmed in a serially joined H 
pattern on the surface of the sintered ceramic sheet 21 . One unit of priming electrode layer 26 
comprises an electrode section 26a and a joint section 26b. After farming plating layers 17 on the 
priming electrode layers 26 In the same manner as described above, the sintered ceramic sheet 21 
is cut along the dotted fines R shown in Rg. 23 to obtain chip type thermistors 28 as shown in Figs. 
25-27. This chip type thermistor 28 has reduced exposed areas of the electrode layers 26 as 
compared wfth the thermistor 20, so that it is less susceptible to the influence of ion migration. If 
the sintered ceramic sheet 21 is cut along the dotted lines S shown In Fig. 24, chip type thermistors 
29 as shown In Rgs. 28-30 are obtained. This chip type thermistor 29 has no exposed areas of the 
electrode layers 26, so that it suffers little influence of ion migration, tt should be noted, however, 
that the extensions indicated by T of the joint sections 26b are discarded. In Figs* 25-30, the same 
reference numerals as in Rgs. 5 and 6 Indicate the like component parts. 
(C) Manufacture of the chip type thermistor 30 of the third embodiment 

(1) Preparation of the sintered ceramic sheet and forming of the priming electrode: 

A sintered ceramic sheet 21 is prepared by the same process as that for the sintered ceramic 
sheet 21 for the chip type thermistor 1 0 of the first embodiment 

Next, as shown in Fig. 31 , the same kind of conductive paste as that for the chip type thermistor 
10 of the first embodiment is applied in the same manner to both side surfaces of the sintered 
ceramic sheet 21 and then fired. By firing the paste, priming electrodes 1 6 and 36 are formed on 
the both side surface of the sintered ceramic sheet 21 . 

(2) Forming of the plating layer 

As shown in Figs. 7 and 32, it is preferable that plating layers 17 and 37 be disposed on the 
surfaces of the priming electrodes 16 and 38, respectively to make electrodes from the priming 
electrode 1 6 and the plating layer 1 7 and the priming electrode 36 and the plating layer 37, 
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respectively. The plating layer 1 7 Is formed by laminating an Ni plating layer 1 7a, 37a and an Sn or 
Sn/Pb plating layer 1 7b, 37b in tha order named. These plating layers may be formed by the sams 
process explained above In connection with those for the chip type thermistor 10 of the first 
embodiment. 

(3) Forming of multiple rows of electrodes, elongate rectangular block-like thermistor elements and 
chip type thermistors: 

Portions designated at B in Fig. 32 of the electrode surfaces comprising a priming electrode 1 6 
and a plating layer 17 and a priming electrode 36 and a plating layer 37, respectively are ground 
away in a multiple flute-forming manner as in the case of the electrode formfrig for the chip type 
thermistor 1 0 of the first embodiment to form multiple of rows of electrodes in opposed aligned 
relation on opposite sides of the sintered ceramic sheet 21 . By this grinding operation, recessed 
flutes not shown here but similar to those shown In Fig. 13 are formed between adjacent rows of 
electrodes. These recessed flutes will be a gap between the terminal electrodes of each final 
product, that is the chip type thermistor 30. 

The sintered ceramic sheet 21 having the recessed flutes therein is cut in the same manner as 
illustrated in Figs. 13 and 1 4 to form elongate rectangular blocks such that each rectangular block 
has two rows of electrodes positioned on its opposite end edges to thus obtain elongate rectangular 
block-like thermistor elements 22. Then, the rectangular block-like thermistor element is to cut 
along the planes perpendicular to the cut faces of the element into chips to obtain chip type 
thermistors 30 as shown in Fig. 7 which have identical top and bottom configurations. 
(D) Manufacture of the chip type thermistor 40 of the fourth embotfment: 

(1 ) Preparation of the sintered ceramic sheet and forming of the priming electrode: 

A sintered ceramic sheet 21 is prepared by the same process as that for the sintered ceramio 
sheet 21 for the chip type thermistor 10 of the first embodiment 

Next, as shown in Fig. 33, the same kind of conductive paste as that for the chip type thermistor 
1 0 of the first embodiment is applied in a striped pattern to both side surfaces of the sintered oeramic 
sheet 21 . The stripes of conductive paste are positioned such that the strips on the opposite side 
surfaces oppose each other. Then the conductive paste is subjected to firing. By firing the paste, 
the stripes of priming electrodes 1 6 and 46 are formed In opposing relation on the opposite side 
surfaces of the sintered ceramic sheet 21 , 

(2) Form ing of the insulating layer: 

As shown in Fig. 34. the same kind of Insulating paste is applied on both side surfaces of the 
sintered ceramic sheet 21 in the manner similar to that for the chip type themnistor 20 of the second 
embodiment. The insulating paste may be the same glass paste or resin paste as that for the chip 
type thermistor 1 0 of the first embodiment For the one side surface on which the priming 
electrodes 16 are disposed, the insulating paste is applied in a striped pattern so as to fill the spaces 
between the priming electrodes 1 6 while leaving the priming electrodes 1 6 exposed. Likewise, for 
the other side surface on which the priming electrodes 46 are disposed, the insulating paste is 
applied In a striped pattern so as to fill the spaces between the priming electrodes 46 while leaving 
the priming electrodes 46 exposed. In the case where plating-use electrode layers similar to the 
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plating-use electrode layer 1 6a as shown in Fig. 1 5 are disposed on both side surfaces of the 
sintered ceramic sheet 21 , such plating-use electrode layers are also left exposed. The sintered 
ceramic sheet 21 having such insulating paste applied thereon is subjected to heat treatment to 
form Insulating layers 1 3 r 44 on the order of 1 0-20 u m in thickness comprising a glass layer or a 
resin layer. Where the insulating layers 1 3, 44 are glass layers, it Is preferable for the same reason 
explained above in connection with the first embodiment that the glass layer have a thermal 
expansion coefficient greater than 40 % and lees than 1 00 % of that of the sintered ceramic sheet 
for the thermistor element 

(3) Forming of the plating layer 

As in the formation of electrodes for the chip type thermistor element 20 of the second 
embodiment as shown In Fig. 19, ft b preferable that plating layers 17 and 47 be disposed on the 
surfaces of the priming electrodes 1 6 and 46 to make multiple rows of electrodes from the priming 
electrode 16 and the plating layer 1 7 and the priming electrode 46 and the plating layer 47, 
respectively. As shown In Fig. 5, the plating layers 1 7, 47 are formed by laminating an Ni plating 
layer 1 7a r 47a and an Sn or Sn/Pb plating layer 1 7b, 47b in the order named. These plating layers 
may be formed by the same process explained above in connection with those for the chip type 
thermistor 20 of the second embodiment. 

(4) Forming of elongate rectangular blocklike thermistor elements and chip type thermistors: 
Like the electrode forming tor the second embodiment chip type thermistor 20 shown in Figs. 

1 9 and 20, the sintered ceramic sheet 21 having the plating layers 17, 47 formed thereon Is cut to 
form elongate rectangular blocks such that each rectangular block has two rows of electrodes 
positioned on its opposite end edges to thus obtain elongate rectangular block-like thermistor 
elements. The rectangular block-like thermistor element Is then along the planes perpendicular to 
the out faces of the element Into chips to obtain chip type thermistors 40 as shown in Fig. 8. This 
thermistor 40 has also identical top and bottom configurations. 
(E) Manufacture of chip type thermistors having insulating coatings: 

As shown in Figs. 36 and 37, in the chip type thermistors 10 and 20 of the first and second 
embodiments, respectively, insulating coatings 50 may be applied to the five side surfaces of the 
thermistor element 1 1 other than the underside surface on which a pair of terminal electrodes 12,12 
are formed. The formation of such insulating coalings 50 may be carried out by chemical vapor 
deposition of resin with a masking resin sheet or film 50a appGed to the underside surface of the 
thermistor element 11. In Fig. 35, the reference character P indicates the fines along which resin is 
to be sprayed during the chemlcaJ vapor deposition. The resin suitable for this chemical vapor 
deposition may include poty-para-xylylene (sold under the trade name Tatylene" from Union 
Carbide Corp.) Instead of the chemical vapor Reposition, a thermosetting resin may be applied 
and dried, and then subjected to heat treatment 
EFFECTS OF THE INVENTION: 

As shown in Figs. 3 and 6, the chip type thermistor 10 or 20 may be surface mounted on a 
printed circuit board 24 by means of solder 23. It should be appreciated here that the NI plating 
layer 17a serves to provide an enhanced resistance to soldering heat and prevent the priming 
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electrode 1 6 from being eroded by the solder, and that the Sn or SrVPb plating layer 17b serves to 
provide an enhanced adherabJity of the terminal electrodes 1 2 to the solder. In addition, the 
plating layers 1 7 covering the surfaces of the priming electrodes 1 6 of noble metal resists the 
occurrence of ion migration from the noble metal. This also applies to the chip type thermistor 28, 
29, 30 or 40. Further, In the case of the chip type thermistor 28, 29, 30 or 40, since the insulating 
layers 13 or 44 are disposed between the pair of priming electrodes 16, 16; 26, 26; or 46, 46 an the 
underside of the thermistor element 1 1, the thermistor element is not exposed during the formation 
of the plating layers. Firstly, therefore, no plating material will adhere to the surfaces of the element, 
nor the thermistor element Is eroded by plating solution, so that the resulting thermistor will exhfcit 
no significant variations with respect to a desired resistor value. Secondly, no solder bridge occurs 
between the electrodes during the mounting of the thermistor to a circuit board. In the chip type 
thermistor 1 0, 20, 28, 29, 30 or 40, if the insulating layer 13, 14 or 44 comprises a glass layer, the 
thermistor will provide an increased fracture strength and hence will be highly resistant to thermal 
stresses. 

ADVANTAGES OF THE INVENTION: 

As described above, in contrast to the prior art manufacturing method requiring a greater 
number of steps and being complicated, the manufacturing method according to the present 
invention provides for manufacturing chip type thermistors relatively easily with a reduced number of 
steps, so that it is more suitable to mass production, resulting in reducing the manufacturing cost. 
Particularly, It is possible to finely control the dimensions of the theimistor element and the surface 
areas of the electrodes by precisely cutting the thermistor element after the priming electrodes and 
plating layers have been formed thereon. Consequently, the present Invention requires additional 
special processing after the element is cut frrto chips, and yet provides chip type thermistor having 
a high precision In resistor value. In addition, by forming plating layers on the surfaces of priming 
electrodes, it is made possible to provide highly reliable chip type thermistors which are excellent In 
the soldering heat resistance and adherabiCty to solder. 

Particularly, if the underside surface of the thermistor except the portions where the pair of 
terminal electrodes are to be contacted with an opposing printed circuit board Is coated with an 
Insulating layer as !n the ch'p type thermistors of the first and second embodiments, occurrence of 
both solder bridging and ton migration may be suppressed. In the chip type thermistors of the first, 
second and fourth embodiments, if the insulating layer is formed of glass, the glass layer serves to 
provide an Increased resistance to tensile stress arising from thermal stress after the surface 
mounting. Moreover, If the chip type thermistor Is made to have identical top and bottom 
configurations, it facilitates the operation required before the surface mounting and can reduce the 
assembly cost Further, in the chip type thermistors of the first and second embodiments, If 
insulating coatings are applied to the five side surfaces of the thermistor dement ether than the 
underside surface thereof, it provides the additional advantages of providing a further insurance to 
suppress the occurrence of ion migration, prevent the thermistor element from cracking even if an 
unexpected external force is exerted thereon, and ensuring that no change tn the thermistor 
properties would occur even t an electrically conductive substance inadvertently should adhere to 
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the side surface of the thermistor element which is devoid of an insulating layer. 
EXAMPLES; 

Concrete examples of the invention will be described below, but should not be construed to Hmlt 
the scope of the invention. 
Example 1: 

A chip type thermistor 1 0 of the first embodiment as shown In Figs. 1 -3 was prepared by the 
following process: 

First, manganese compound, nickel compound and cobalt compound were weighed as starting 
materials at a metal atomic ratio of 3 : 1 : 2 in terms of Mn0 2 : NK^ ; CoQ. The this weighed 
materials were uniformly mixed In a ball mill for sixteen hours, followed by being dehydrated and 
dried. Then, the mbdure was subjected to calcination at 900 "Cfor two hours, and the calcined 
mixture was again crushed In a ball mill end dehydrated and dried. The crushed mbdure was 
admixed with an organic binder and uniformly mixed. The resulting mixtae was then compression 
moided into a rectangular block. The compression molded pert was fired at 1 200 "Cfor four hours 
under atmospheric pressure to prepare a sintered ceramic block (not shown) about 36 mm in length, 
about 50 mm in width and about 1 0 mm In thickness. Then, the block was cut Into the form of 
wafers by a hand saw to obtain a sintered ceramic sheet 21 as shown in Fig. 9 about 35 mm in 
length, about 50 mm In width and about 0.5 mm in thickness. 

Next as shown in Figs. 1 0 and 1 1 , a conductive paste containing a powder of noble metal and 
an inorganic binder was applied to the entire surface of one side of the sintered ceramic sheet 21 by 
a printing process. The conductive paste used was a commercially available silver paste 
comprising Ag powder, fine particles of glass and an organic vehicle. The thermistor element 
having the conductive paste applied thereto was dried, heated up to 820 at a rate of 30 tVmin. 
and held at that temperature for 10 minutes, followed by being cooled down to room temperature, 
under atmospheric pressure throughout the process to form a priming electrode 1 6 composed of Ag 
for a baked electrode layer on the surface of the sintered ceramto sheet 21 . 

As shown In Fig. 12, an insulating paste containing crystallized glass was applied over the 
entire surface of the other side of the sintered ceramic sheet 21 which was devoid of the priming 
electrode 1 6 by a printing process. The sintered ceramic sheet 21 having such insulating paste 
applied thereon was then subjected to firing treatment to form a glass layer 1 4 about 1 5 a m In 
thickness. This glass layer had a thermal expansion coefficient of 68 x ^ w 7 fC which is tower 
than the thermal expansion coefficient of the sintered ceramic sheet 21 of 85 X iffYC . After 
forming the glass layer 1 4, an ISO plating layer 1 7a 1-2 m m In thickness was formed on the priming 
electrode 1 6 and successively an Sn plating layer 1 7b 3-6 u m in thickness was laminated on the Ni 
plating layer (see Figs. 1 and 3), by an electrolytic plating process. 

As shown in Figs. 1 2-1 4, portions designated at B of the electrode surface comprising the 
priming electrode 1 6 and the plating layer 1 7 were ground away in a multiple flute-forming manner 
by using the cutter as described above to form multiple rows of electrodes on one side of the 
sintered ceramic sheet 21 . Next, as shown in Figs. 1 3-1 5, the sintered ceramic sheet 21 having 
the recessed flutes 15 formed therein was cut along the planes indicated by arrows M by the 
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aforesaid cutter into elongate rectangular blocks such that each rectangular block had two rows of 
electrodes positioned on its opposite end edges to thus obtain elongate rectangular block-like 
thermistor elements 22, Then, the rectangular block-like thermistor element 22 was cut along the 
planes indicated arrows N perpendicular to the cut faces of the element Into chips by using the same 
cutter to obtain chip type thermistors 1 0 about 0.5 mm in width W, about 1 .0 mm in length L and 0.5 
mm in thickness T as shown in Fig. 1 5. With the chip type thermistor 1 0 turned upside down, Its 
terminal electrodes 12, 12 are to be mounted to a printed circuit board 24 by means of solder 23, as 
shown in Fig. 3. 
Comparative example 1 : 

Without using Ni plating layer and Sn plating layer, a conductive paste containing 80 % of Ag 
and 20 % of Pd was baked to a sintered ceramic sheet at a temperature of 850 *C to make terminal 
electrodes of the baked electrode layer only composed of silver-palladium. For the rest of the 
process, a chip type thermistor having a glass layer 14 was prepared in the manner similar to that 
used to make the aforesaid example 1 . 
Comparison test and results: 

300 pieces each of the thermistor of the example 1 and the thermistor of the comparative 
example 1 were prepared, and those samples were picked up using tweezers and dipped in an 
eutectic solder (H60-A) bath containing Ag dissolved at a temperature of 230 t for four seconds, 
and the surface areas of the terminal electrodes which have adhered to the solder were examined 
under a microscope. The results are shown in Table I below. 

300 pieces each of the thermistor of the example 1 and the thermistor of the comparative 
example 1 were prepared, and those samples were picked up usfog tweezers and dipped In an 
eutectic solder (H60-A) bath containing Ag dissolved at a temperature of 350 *C for thirty seconds, 
and how the terminal electrodes have been lost was examined under a microscope. The results 
are shown in Table I below. 

Table I 

AdherablBtyto solder RpRistancP tn snider heat 

Percentage of samples having Percentage of samples 

more than 95 % of solder having lost a portion of 

adhered area the electrodes 

Example 1: 100% 0% 

Comparative 

example 1: 55% 100% 

As is apparent from the table, it has been found that the thermistor of the example 1 is superior 
in both the adhembility to solder and the resistance to solder heat to the thermistor of the 
comparative example 1. 
Example 2: 

A chip type thermistor 20 of the second embodiment as shown in Figs. 4^6 was prepared by the 
following process; 
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Rrst, a sintered ceramic sheet 21 83 shown in Rg. 9 about 35 mm in length, about 50 mm h 
width and about 0.5 mm in thickness was obtained In the same manner as in the example 1 . 

Next, as shown in Figs. 1 6 and 1 7, the same conductive paste as that tor the example 1 was 
applied in a striped pattern to one side surface of the sintered ceramic sheet 21 by a printing 
process. After applying the conductive paste, priming electrodes 1 6 composed of Ag for baked 
electrode layers. The electrodes 1 6 were all identical in width and equally spaced from each other. 
Each electrode had a width of about 7 mm and the spacing between the electrodes was about 0.4 
mm. A plating-use electrode layer 1 6a for shorting together all of the multiple rows of priming . 
electrodes 1 6 was formed on one end edge of the sintered ceramic sheet 21 . 

As shown In Fig, 1 8, the same kind of insulating paste containing crystallized glass was applied 
to both side surfaces of the sintered ceramic sheet 21 by a printing process. When applying the 
glass paste so as to fill the spaces between the priming electrodes 1 6, the application of the paste 
was done such that the opposing end edges of the priming electrodes 1 6 were covered with the 
paste. The sintered ceramic sheet 21 having such insulating paste applied thereon was thai 
subjected to firing treatment to form a glass layer 13, 14 about 15 Mm in thickness. These glass 
layers had a thermal expansion coefficient of 68 x 10YC which is lower than the thermal 
expansion coefficient of the sintered ceramic sheet 21 of 85 X 1 ffYC as was the case with the 
example 1 . After connecting a plaUng-use electrode to the plating-use electrode layer 1 6a, Ni 
plating layers 1 7a 1 -2 M m in thickness were formed on the priming electrodes 1 6 and successively 
Sn plating layers 17b 3-6 Mm in thickness were deposited on the Ni plating layers (see Rgs. 4 and 
6), by an electrolytic plating process. 

As shown In Rgs. 19-21, the sintered ceramic sheet 21 having the plating layer 17 formed 
thereon was cut along the planes indicated by arrows M by a cutter equipped with diamond blades 
into elongate rectangular blocks such that each rectangular block had two rows of electrodes 
positioned on its opposite end edges to thus obtain elongate rectangular block-like therm fetor 
elements 22. Then, the rectangular block-like thermistor element 22 was cut along the planes 
indicated arrows N perpendicular to the cut faces of the element into chips by using the same cutter 
to obtain chip type thermistors 1 0 about 0.5 mm In width W, about 1 .0 mm in length Land 0.5 mm in 
thickness T as shown In Rg. 21 . With the chip type thermistor 20 turned upside down, its terminal 
electrodes 1 2, 1 2 are to be mounted to a printed circuit board 24 by means of solder 23, as shown In 
Fig. 6. 

Comparative example 2: 

Without using Ni plating layer and Sn plating layer, a conductive paste containing 80 % of Ag 
and 20 % of Pd was baked to a sintered ceramic sheet at a temperature of 850 *C to make terminal 
electrodes of the baked electrode layer only composed of silver-palladium. For the rest of the 
process, a chip type thermistor having top and bottom glass layers 13, 1 4 was prepared in the 
manner similar to that used to make the aforesaid example 2. 
Comparison test and results: 

300 pieces each of the thermistor of the example 2 and the thermistor of the comparative 
example 2 were prepared, and examined for their adherability to solder and resistance to solder 
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heat in the same manner as for the example 1 and the comparative example 1 . The same results 
as shown in Table I were obtained. 
DESCRIPTIONS OF THE DRAWINGS: 

Rg. 1 1s an external perspective viewofthe chip type thermistor according to a first embodiment 

of the invention; 

Fig. 2 Is a bottom plan view of the chip type thermistor shown in fig. 1 ; 

Rg. 3 is a cross-sectional view of the thermistor taken along the lines A-A in Fig. 1 ; 

Fig. 4 is an external perspective view of the chip type thermistor according to a second 
embodiment of the invention; 

Fig, 5 is a bottom plan view of the chip type thermistor shown in Rg. 4; 

Rg. 6 is a cross-sectional view of the thermistor taken along the lines A-A' in Fig. 5; 

Rg. 7 Is an external perspective view of the chip type thermistor according to a third 
embodiment of the invention; 

Rg. 8 Is an external perspective view of the chip type thermistor according to a fourth 

embodiment of the invention; 

Rg. 9 is an externa! perspective view of a sintered ceramic sheet from which a thermistor 
element for the chip type thermistor according to the present invention may be made; 

Rg. 1 0 is a perspective view showing the sintered ceramic sheet having a priming electrode 
formed on the entire surface of one side thereof for use to make the chip type thermistor of the first 
embodiment; 

Rg. 1 1 is an enlarged perspective vtew of the circled portion F In Fig. 10; 

Fig. 1 2 is a perspective view showing a plating layer formed on the swface of the priming 
electrode on the one side entire surface of the sintered ceramic sheet and an insulating layer formed 
on the entire surface of the other side of the sheet; 

Fig. 13 is a perspective view showing the sintered ceramic sheet of Fig. 1 2 having the portions 
B of the electrode surface thereof ground away; 

Fig. 1 4 is a perspective view showing the sintered ceramic sheet of Rg, 1 3 having been cut Into 
elongate rectangular blocks; 

Fig. 15 is a perspective view showing chips cut from the rectangular block-like thermistor shown 

in Fig. 14; 

Rg. 16 Is a perspective view showing the sintered ceramic sheet having multiple rows of 
priming electrodes formed on one side surface of thereof for use to make the chip type thermistor of 
the second embodiment; 

Fig. 17 is an enlarged perspective view of the circled portion F in Rg. 16; 

Fig. 1 8 is a perspective view showing insulating layers formed between the priming electrodes 
on the one side surface of the sintered ceramic sheet and an insulating layer formed on the entire 
surface of the other side of the sheet; 

Rg. 19 is a perspective view showing plating layers formed on the exposed surfaces of the 
priming electrodes In Rg. 18; 

Fig. 20 Is a perspective view showing the sintered ceramic sheet of Rg. 19 having been cut into 
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elongate rectangular blocks; 

Fig. 21 Is a perspective view showing chips cut from the rectangular block- like thermistor shown 
In Fig. 20; 

Fig. 22 is a perspective view similar to Hg. 17 but showing the priming electrodes of a modified 
form of the chip type thermistor according to the second embodiment; 

Fig. 23 is a plan view of a principal part of the sintered ceramic sheet having the priming 
electrodes of fig. 22 showing a cutting pattern; 

Fig. 24 is a plan view of a principal part of the sintered ceramic sheet having the priming 
electrodes of Fig. 22 showing another cutting pattern; 

Fig, 25 is a bottom plan view of the chip type thermistor made by cutting the sheet In the pattern 
shown h Rg. 23; 

Fig. 26 is a cross-sectional view of the thermistor taken along the lines B-B in Rg. 25; 
Fig. 27 is a cross-sectional view of the thermistor taken along the lines C-C In Rg. 25; 
Rg. 28 is a bottom plan view of me chip type thermistor made by cutting the sheet In the pattern 
shown in Rg. 24; 

Rg. 29 is a cross-sectional view of the thermistor taken along the Ones D-D hi Rg. 28; 

Rg. 30 is a cross-sectional view of the thermistor taken along the lines E-E In Fig. 28; 

Fig. 31 is a perspective view showing the sintered ceramic sheet having priming electrodes 
formed on the entire surfaces of both sides thereof for use to make the chip type thermistor of the 
third embodiment; 

Fig. 32 is a perspective view showing plating layers formed on the surfaces of the priming 
electrodes on both sides of the sintered ceramic sheet of Rg. 31 ; 

Fig. 33 is a perspective view showing the sintered ceramic sheet having multiple rows of 
priming electrodes formed on the both side surfaces thereof for use to make the chip type thermistor 
of the fourth embodiment 

Fig. 34 is a perspective view showing insulating layers formed between the priming electrodes 
on both sides of the sintered ceramic sheet of Fig. 33; 

Fig. 35 is a diagrammatical iflustration showing how an insulating coating is applied to the five 
side surfaces of the thermistor element for the chfc type thermistors according to the first and 
second embodiments other than the surface on which terminal electrodes are formed; 

Fig. 38 is a cross-sectional view similar to Rg. 3, but showing the chip type thermistor of the first 
embodiment having the Insulating coating of Rg. 35 applied thereto; 

Fig. 37 is a cross-sectional view similar to Rg. 6, but showing the chip type thermistor of the 
second embodiment having the insulating coating of Rg. 35 applied thereto. 
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Claims: 

1. A chip type thermistor comprising: 

a hexahedral chip type thermistor element (1 1), 

a pair of terminal etectrode3 (12, 12) disposed in spaced apart relation along the opposite 
end edges of the bottom surface of said thermistor element (1 1), and 

a top insulating layer (14) disposed over the entire top surface of said thermistor element 

(11). 

2. A chip type thermistor according to Claton 1 , further comprising a bottom Insulating layer 
(13) disposed on the bottom surface of said thermistor element (1 1 ) between said pair of terminal 
electrodes (12, 12). 

3. A chip type thermistor comprising: 

a hexahedral chip type thermistor element (11), 

a pair of terminal electrodes (12, 12) disposed in spaced apart relation along ihe opposite 
end edges of the bottom surface of said thermistor element (1 1), and 

a second pair of terminal electrodes (32, 32 or 42. 42) disposed In spaced apart relation 
along the opposite end edges of the top surface of said thermistor element (1 1). 

4. A chip type thermistor according to Claim 3, further comprising a bottom insulating layer . 
(13) disposed on the bottom surface of said thermistor element (11) between said pair of terminal 
electrodes (12, 12) and atop Insulating layer (44) disposed on the top eurface of said thermistor 
element (1 1) between said second pair of terminal electrodes (42, 42). 

5. A chip type thermistor according to any one of Claims 1 to 4, wherein each of said terminal 
electrodes (12, 32, 42) comprises a priming electrode (16, 36, 46) containing noble metal, an Ni 
plating layer (1 7a, 34a, 47a) farmed on the surface of said priming electrode, and an Sn or Sn/Pb 
plating layer (17b, 34b, 47b) formed on the surface of said NI plating layer (1 7a. 34a, 47a). 

6. A chip type thermistor according to Claim 2, wherein each of said terminal electrodes 
comprises a primtog electrode (18). an Ni plating layer (17a) formed on the surface of said priming 
electrode, and an Sn or Sn/Pb plating layer (1 7b) formed on the surface of said NI plating layer (17a). 
said Ni plating layer (17a) and Sn or Sn/Pb plating layer (17b) having a smaller surface area than 
that of said priming electrode (1 6), said bottom insulating layer (13) being disposed on the entire 
bottom surface of said thermistor element (1 1 ) except said Ni plating layers (17a) and Sn or Sn/Pb 
plating layers (17b). 

7. A chip type thermistor according to Claim 4, wherein each of said terminal electrodes 
comprises a priming electrode (16, 48). an Ni plating layer (17a, 47a) formed on the surface of said 
priming electrode (16, 46). and an Sn or Sn/Pb plating layer (17b. 47b) formed on the surface of said 
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Nl plating layer (17a, 47a), said Ni plating layer (17a, 47a) and Sn or Sn/Pb plating layer (17b, 47b) 
having a smaller surface area than thai of said priming electrode (1 6, 46), said bottom insulating 
layer (1 3) being disposed on the entire bottom surface of said thermistor element (11) except said Ni 
plating layers (17a) and Sn or Sn/Pb plating layers (17b), and said top insulating layer (44) being 
disposed on the entire top surface of said thermistor element (11) except said Ni plating layers (47a) 
and Sn or Sn/Pb plating layers (47b). 

8. A chip type thermistor according to Claim 1 , 2 or 4, wherein said top insulating layer (14, 
44) or said bottom insulating layer (13) is a glass layer. 

9. A chp type thermistor according to Claim 1 , 2 or 4, wherein said top Insulating layer (1 4, 
44) or said bottom insulating layer (12) is a synthetic resin layer. 

1 0. A chip type thermistor according to Claim 8, wherein said glass layer has a thermal 
expansion coefficient greater than 40 % and less than 1 00 % of that of saJd thermistor element (11). 

11. A chip type thermistor according to Claim 1 or 2, further comprising insulating coatings (50) 
applied to the five side surfaces of said thermistor element (1 1) other than the underside surface 
thereof. 

1 2. A method of manufacturing a chip type thermistor comprising the steps of: 

(a) forming a priming electrode (16) over the entire surface of one side of a sintered 
ceramic sheet (21); 

(b) applying an insulating paste on the entire surface of the other side of said sintered 
ceramic sheet (21) 

(c) firing said the sintered ceramic sheet (21) of said step (b) to form an insulating layer 

(14); 

(d) forming an Ni plating layer (1 7a) and an Sn or Sn/Pb plating layer (1 7b) in the order 
named on the surface of said priming electrode (1 6); {e) grinding away portions of the 
electrode surface composed of said priming electrode (16) and said plating layer (17) In a multiple 
flute-forming manner a recessed multiple flute-forming manner to form multiple rows of electrodes 
on one side of said sintered ceramic sheet (21); 

(f) cutting said sintered ceramic sheet (21 ) into a number of elongate rectangular blocks 
such that each rectangular block has two spaced rows of electrodes positioned on the opposite end 
edges thereof to obtain rectangular block-like thermistor elements (22); and 

(g) cutting each of said rectangular block-like thermistor elements (22) perpendicularly to 
the cut faces into chip type thermistor elements (1 1) to obtain chip type thermistors (10) each having 
a pair nf terminal electrodes (1 2, 1 2) disposed in spaced apart relation along the opposite end edges 
of the bottom surface of said thermistor element (1 1). 
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1 3. A method of manufacturing a chip type thermistor comprising the steps at 

(h) forming multiple rows of priming electrodes (1 6) on one side surface of a sintered 
ceramic sheet (21); 

(i) applying an Insulating paste on the one side surface of said sintered ceramic sheet (21 ) 
so as to fill the spaces between said priming electrodes (1 6) while said priming electrodes (1 6) 
themselves are exposed; 

(j) applying an Insulating paste on the entire surface of the other side of said sintered 
ceramic sheet (21) of said step (i); 

(k) firing said sintered ceramic sheet (21) of said step© to form insuMing layers (13, 14); 

0) forming an Ni plating layer (17a) and an Sn or Sn/Pb plating layer (1 7b) In the order 
named on the exposed surfaces of said priming electrodes (16) to form multiple rows of electrodes 
each composed of said priming electrode (1 6) and said plating layer (17) on said sintered ceramic 
sheet (21); 

(m) cutting said sintered ceramic sheet (21) Into elongate rectangular blocks such thai 
each rectangular block has two spaced rows of electrodes positioned on the opposite end edges 
thereof to obtain rectangular block-like thermistor elements (22); and 

(n) cutting each of said rectangular block-like thermistor elements (22) perpendicularly to 
the cut faces into chip type thermistor elements (1 1) to obtain chip type thermistors (20) each having 
a pair of terminal electrodes (12, 12) disposed in spaced apart relation along the opposite end edges 
of the bottom surface of said thermistor element (11). 

1 4. A method of manufacturing the chip type thermistor comprising the steps of: 

(o) forming a second priming electrode (38) on the entire surface of the other side of said 
sintered oeramlo sheet (21) having the priming electrode (1 6) formed on the one side surface 
thereof In said step (a) ; 

(p) forming an Ni plating layer (1 7a, 37a) and an Sn or Sn/Pb ptetfng layer (1 7b, 37b) in the 
order named on the respective surfaces of said priming electrodes (1 6, 36) to form electrodes each 
composed of the priming electrode (1 6, 36) and plating layer (17, 37) on the both sides of said 
sintered ceramic sheet (21); 

(q) grinding away the surfaces of the electrodes formed on the both sides of said sintered 
ceramic sheet (21) in a muJtiple-flute forming manner to form multiple rows of electrodes in opposed 
relation on the both sides of said sintered ceramic sheet (21); 

(r) cutting said sintered ceramic sheet (21 ) having the multiple rows of electrodes thereon 
into elongate rectangular blocks such that each rectangular block has two spaced rows of 
electrodes positioned on the opposite end edges thereof to obtain rectangular block-like thermistor 
elements (22); and 

(s) cutting each of the rectangular block-like thermistor elements (22) perpendicularly to 
the cut faces Into chip type thermistor elements (1 1) to obtain chip type thermistors (30) each having 
two pairs of terminal electrodes (12, 12; 32, 32) disposed in spaced apart relation along the opposite 
end edges of the both side surfaces of said thermistor element (1 1 ) . 
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1 5. A method of manufacturing a chip type thermistor comprising the steps of: 

(t) forming multiple rows of priming electrodes (46) on the other side surface of said 
sintered ceramic sheet (21) in opposed relation with said multiple rows of priming electrodes (16) 
formed on the one side surface thereof In said step (h); 

(u) applying insulating pastes on the both side surfaces of said sintered ceramic sheet (21 ) 
so as to fill the spaces between said priming electrodes (16, 46) while said priming electrodes (16, 
46) themselves are exposed 

(v) firing said sintered ceramic sheet (21) to form Insulating layers (1 3, 44); 

(w) forming Ni plating layers (1 7a ( 47a) and Sn or Sn/Pb plating layers (1 7b, 47b) in the 
order named on the exposed surfaces of said priming electrodes (16, 46) to form multiple rows of 
electrodes each composed of the priming electrode (16, 46) and the plating layer (1 7, 47) on the 
bath sides of said sintered ceramic sheet (21); 

(X) cutting said sintered ceramic sheet (21) having said multiple rows of electrodes formed 
thereon into elongate rectangular blocks such that each rectangular block has two spaced rows of 
electrodes positioned on the opposite end edges thereof to obtain rectangular block-like thermistor 
elements; and 

(y) cutting each of said rectangular block-like thermistor elements perpendicularly to the 
cut faces Into chip type thermistor elements (1 1) to obtain chip type thermistors (40) each having 
two pairs of terminal electrodes (12, 12; 42, 42) disposed in spaced apart relation along the opposite 
end edges of the both side surfaces of said thermistor element (1 1). 

1 a A method of manufacturing a chip type thermistor according to. Claim 12 or 1 3, further 
including, after said step (q) or said step (n), the step of forming insulating coatings (50) to the five 
side surfaces of said thermistor element (1 1) other than the underside surface thereof. 



21 



(10) 

17 

[03] 02©A-A8URffl0. * 

[04] *mom 2<d*v tm- % * $<mtmm 

(05] *©&10. 

C06] 05©A* -A' &WtiS0. 

(07] *m<om v im- 5 * *<mmm 
0. 

(0 8 ] *m<on 4 ©* 7 5 * *©*H&» 

0. 

[09] vim?- 1 Z.*<J>V-X*m& 10 

[010] $10?? S X *JB«C-5-©&&^- 

(01 1 ) 01 O©FgM£*atl0. 

(012)01 1 ©j£&i/- h©-£©ffi©TJ&§S© 

liS3hfc&8i0. 

(013101 2©B8|^©1SSiii^9FfI3^cm 

0. 

[0i 4] 01 som^-himmicmbmm 20 
0. 

[0 1 5 ] 0 1 4©S!H*?- 5 a * ? y^Jc 

[0 1 6 ] 82©* 9 -m#- 5 * */bk:*©£*s*>- 
h km^mvoymm^m txtc®m. 
[0i 7] 01 eoFsmmm. 

[018) 01 7©&*a^- t-©-^©ffl©TftSSSH 

(019) 01 8©SfflLfcTi6SS©«®«:«>-,tS 

matte titc&m. 30 

(02 0) 01 9©^^-h^fl9«K«)»iU/c*4« 
0. 

[ 0 2 1 ] 02 0 5 2 *3R#* * tattle 

[02 2] *8W©]3fl©82©*-?:/Sttf--5**©T 
J&Sg«rmT0 1 7 «C»l5r*i«S0. 

[02 3 ] 02 20Tmmimim^-h<om 

[02 4 ] 02 2<DTim®Z1ii-rzm&'>- h©?lj©* 



#»¥6 - 2 1 5 9 0 8 
18 

(02 5 ] 02 ZtZTfrtHmtWIBib-zmShlL*- v 
7'Slf-5Xif©JSffi0. 

(02 6]02 5©B-B8»rBB0. 

(027) 02 5©C-C8KB0. 

(02 8 ] 02 4Km1-t}mvmbXftmhlL?y 
^•g-(f_.5X5r©JSBD0. 

[02 9] 02 8 ©D- 0888350. . 

[03 0] 02 8©E-E68SE0. 

(0 3 1 ] 83 ©* v im- \ * mitzom's- 

v ©sii±*«cTi6se*^fiS3 t\tz.m.m. 

(03 2)03 1 <omu- KD$m<DTm&<Dm 

[0 3 3 j 84 ©* 7 5 * mu:*<m&>s- 
^ ©M®cc^^j©Tiasig^^gS3 n^am 
[03 4] 03 3 ©«*§»✓- h©jifs©Tt&ssraict6 

(035) 8lX«82©f ^T'S't-S^^^-s 

«s-T4ttia^-r0. 

[ 0 3 6 ] *<Dtm&miffif& S ftfc8 1 ©?• 7 
$ x *©0 3 K*f Jfrf 5»rE0. 

V- 5 * * ©0 6 (Cftl&T *»rE0. 
[^©Sill] 

I 0. 20. 2 8. 29. 30. 40 
X* 

II 1f-5X*$& 

1 2. 3 2. 4 2 Jg^tSffi 

13 njiaitia 

14.44 ±Stei»J8 

1 6. 2 6. 3 6. 4 6 TttSS 

1 7. 37. 4 7 

17a. 37a. 47a Ni»-3&B 

17b. 37b. 47b SnXttS n/Pb*-5#JI 

2 1 *7S^jR6->-l 
2 2 JlfflHfr?— $X*JRt* 
5 0 



[02] 



[015] 



[02 1 ] 





A T 



#me-2 1 590 8 



nan m3) 




12 

16 T**« 

17 !6r.9JB 

17b SiXli&i/PbAoSB IH5] 




(13) 



#BJ¥6-2 15 908 



[013] [014] 




[019] 

[018] 




[029] 

[026] 




1 5 908 



[020] 




(H22 ] 





(15) 



1 590 8 



[1331) [0321 




